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Abstract

A massive series of observations of the differential energy
spectra of proton and electron intensities over the energy range
~ 300 eV to 50 keV within the earth's magnetosphere and its environs
has been obtained with an array of electrostatic analyzers borne on the
earth-satellite 0GO 5. In order to supplement the presently existing
publications derived from these observations and to provide further
insight into the distributions of low-energy charged particles within
the earth's radiation zones over geocentric radial distances ~ 2 to 20
Ry, (RE, earth radii) we have utilized a SC 4020 microfilm plotter to
construct a cinematographic display of the differential energy spectra
of proton and electron intensities which spans a complete circuit of the
spacecraft around the earth, or ~ 50 hours of substantially continuous
observations beginning at 1330 U.T. on July 14, 1966. This cinemato-
graphic display comprises approximately 18,000 individual frames and
summarizes some 550,000 intensity measurements. A description of the
methods and graphic results is furnished as an aid in interpretation

of this visual presentation of the observations.



Introduction

Progress in space science technology over the past several years
has been reflected in rapidly increasing collections of raw observations
of such phenomena as the terrestrial radiation belts, terrestrial and
interplanetary magnetic fields, solar plasmas in the interplanetary
medium, and solar X-ray emissions. Accompanying this increasing
telemetry capability are the greater tasks of organization, presentation
and analyses of these truly massive amounts of information. For
example, in 1962 a typical array of G.M. tubes for measurements of
charged particle intensities within the outer radiation zone flown on
Explorer 1lh4 [Frank, 1965a] provided approximately 200 detector samples
per hour; this telemetry rate can be compared with the capabilities of
a current OGO spacecraft for a similar experiment [Frank, 1966a] of
approximately 230,000 detector samples per hour. In order to complement
graphic displays of our observations and to promote further insight
into the spatial distributions and temporal behavior of low-energy
proton and electron intensities (300 eV < E < 50 keV) within the earth's
magnetosphere and its environs we have constructed a cinematographic
presentation of charged particle spectra observed during a typical
orbit of the 0G0 3 spacecraft. This cinematographic display creates a
new, and quite valuable, impression of the magnetospheric population

of low-energy charged particle intensities when compared to standard



graphic displays such as charged particle intensities as functions of
geocentric radial distance, time, etec. The methods invoked in the
production of this 'motion picture' survey of the magnetosphere are

discussed herein.



Production of the Cinematographic Display

The overall goal of the present task is to summarize approximately
50 hours of satellite observations of low-energy charged particle
intensities in the earth's magnetosphere, or some 550,000 detector
samples, in a useful, brief yet comprehensive, visual display.
Measurements of the proton and electron differential energy spectra
over the energy range ~ 300 eV to 50 keV were obtained recently with
an array of electrostatic analyzers borne on the earth-satellite OGO 3.
A description of the orbit and of the electrostatic analyzer array and
analyses of the observations of these low-energy charged particles have
been previously given by Frank [1967a, b, ¢, d, e]. Several salient
features of this instrumentation are recalled here as a convenience to
the reader. 0GO 3 (1966-40A) was launched on 7 June 1966 into a highly
eccentric orbit with apogee 128,500 km and perigee 6,700 km geocentric
radial distances, inclination 31° and period 48.6 hours. At launch the
local time of the direction from the center of earth to spacecraft
apogee position was ~ 22:00. On 1Lk July the local time of thé direction
of the line of apsides was nearly 20:30. A composite system of reaction
wheels and gas jets provided a predetermined, monitored orientation of
the various spacecraft-referenced coordinates with respect to the
directions from the satellite to earth and the sun and with respect to

the orbital plane. The University of Iowa instrumentation includes



four cylindrical-plate electrostatic analyzers to select charged
particle energy and continuous channel multipliers (Bendix 'channel-
trons') as charged particle detectors. Each of the two pairs of electro-
static analyzers provides simultaneous measurements of the directional
intensities of protons and electrons, separately, within the same

energy bandpasses over an energy range extending from approximately

BOQ eV to 50,000 eV. The directions of the fields of view of these

two pairs of analyzers, designated as LEPEDEA's 'A' and 'B' (LEPEDEA,

Low Energy Proton and Electron Differential Energy Analyzer), are
orthogonal and are directed parallel to spacecraft body Cartesian

axes, +Z (toward earth during normal spacecraft operations) and +Y,
respectively. The directions of the field of view of LEPEDEA 'A’

in several pertinent coordinate systems during the series of observations
presented in the visual display are summarized in Table I. All four
electrostatic analyzers, two Geiger-Mueller tubes, and curved-plate
voltage monitors (a calibration sample for each pair of proton and
electron measurements) time-shared the experiment 15-bit accumulator

in a complex, but tractable, manner. The contents of this accumulator
were telemetered once each 1.15, O.14h4 or 0.018 seconds for the three
possible spacecraft data rates, 1,8 or 64 kilobits (sec)_l, respectively.
More detailed descriptions of this instrumentation have been given
previously by Frank [1965b, 196Ta].

The format of the cinematographic display is depicted in
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Figure 1 which is a reproduction of one of the frames of the 'motion
picture'. In the upperhand half of this frame is summarized the
spacecraft position in a geocentric radial distance-geocentric local
time coordinate system. As a further reference for the viewer

the average positions of the magnetopause and transition shock as
surveyed with the IMP 1 magnetometer [Ness, Scearce and Seek, 196k4]
have been included in each frame. The position of the spacecraft aﬁ
the time of observations summarized in Figure 1 lies near the average
magnetopause position in the upper left-hand quadrant; the trace of the
orbit is nondestructive, or is accumulated as time progresses from the
initial frame (see Figures 1 through 8 which are in chronological
order). The date and U.T. (hour, minute) of each frame, L-shell as
derived from Jensen and Cain [1962] coefficients for the magnetic
field and magnetic latitude N are provided at the midleft-hand side

of each frame. The lower half of Figure 1 displays proton and electron

2
differential energy spectrums over the energy range ~ 3 X 10° to 5 X lOl‘L ev.

Both abscissa and ordinate scales are logarithmic and the ordinate units
are particles (cmz-sec—sr—ev)_l. The cinematographic display comprises
approximately 18,000 frames such as the frame reproduced in Figure 1
spanning the period 13:31 U.T. on 1k July 1966 through 15:21 on 16 July.
Hence if the projection rate is 2k frames(sec)-l these fifty hours of

substantially continuous observations (~ 550,000 transmitted detector



samples) can be visually displayed in approximately 12.5 minutes.

In order to effect a visually continuous variation in the
spectral profiles it was necessary to interpolate between the 'discrete!'
observations of proton and electron differential energy spectra. The
time reduction was chosen to be 12.5 seconds real time between each
frame for L > 6.0 and 2.5 seconds real time between each frame for
L < 6.0. If the projection rate is 2L fra.mes(sec)—l then the interval
between two consecutive satellite observations of charged particlek
spectra is 1 second display time for L > 6.0.

Several of the mathematical details of this interpolation are of
interest in the interpretation of the results. If j(Ei, to), i=1,

2, . . ., 13, denotes the directional differential intensity of charged
particles at energy Ei and time to’ then the interpolated intensities

between times t and t, =+t + 300 seconds (real time) and for L > 6.0

are
. . 12.5k, . .
where k =1, 2, . . . 24. If j(Ei, tEM) was not telemetered or was

not resolvable above background responses of the instrumentation, for
example, then a 'false' value j'(Ei, tEM) was substituted such that
o7 .
J (Ei, t2l|.) = J(En) t2)+)
where E is chosen such that lEn—Eil’ n=1,2...13, n#1i, is a

minimum (i.e., next available energy channel). The x-axis (energy)
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range of the eventual polynomial fit is accordingly varied as

. 12.5k
{ =B + 355 (B - Ey)

and

) + 12.5k

and finally
(E!-E.) -

3By, b)) = 3 (B, b)) + Tﬁﬁb (G(E, t) - 3" (g t))-
If j(Ei, to) is unavailable then a similar procedure is invoked and the
range of the polynomial fit correspondingly increases with increasing
time. The intensities j(Ei, t), j(Ei+l, t), j(Ei+2’ t) and
j(Ei+5’ t), i =1, 2,. . . 10, were then fit with a series of third
degree polynomials Pi(E)' These approximations were found to provide
adequate representation of the observed electron and proton spectra
within the instrumental accuracy. The 'Newton's divided difference
interpolation formula' was utilized to determine the coefficlents of
the polynomials. All processing of the observations and programming
of this cinematographic display were performed at the University of
Iowa and plot tapes were generated with an I.B.M. TO4lL computer;
production of the display was executed via an SC 4020 at the Goddard

Space Flight Center with the kind cooperation of Dr. G. H. Ludwig.
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Discussion of Selected Frames 9£ the

Cinematdgraphic Display

A series of selected frames reproduced from the cinematographic
display and ordered chronologically are shown in Figures 1 through 8.
The directional differential spectrum of electron intensities near
satellite apogee position displayed in Figure 1 features a peak of
intensities at ~ 25 keV. Such a feature of the electron spectrums in
the geomagnetic tail region has previously been found by Frank [1967a]
and is prominent in the present visual summary of observations. 1In
fact the largest changes of electron intensities occur at electron
energies exceeding several kiloelectron volts. Severe temporal
variations of electron and proton spectra are characteristic of this
region (see Pigures 1, 2, 7 and 8). The secondary maxima of
differential intensities of protons and electrons (see, for example,
the electron relative maximum intensities at 25 keV, 12 keV and 10 keV
of Figures 1, 2 and 8, respectively, and the proton relative maximum
intensities at 2.5 keV and 2 keV of Figures 2 and 8, respectively) appear
to occur at monotonically decreasing energies with increasing time,
appearing much like a 'ripple' moving up the bulk of the spectrum. The
inner and outer radiation zone spectra shown in Figures 3, 4 and 5 are
limited in energy range when the electrostatic analyzer responses were

predominantly attributable to penetrating and scattered energetic
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(B i 100 keV) charged particles. The electron spectrum presented in
Figure 6 is typical of those observed in the region in the local night
hemisphere of the magnetosphere over I ~ 8 to 12 originally surveyed

by Gringauz and his colleagues [1960]. The rapid decrease in intensities
below ~ 10 electrons (cmg-sec-sr-ev)_l with decreasing electron energy
for Ee < 1 keV and the secondary, minute maximum at 350 eV are residuals
of the polynomial fit and should not be interpreted as representing

the electron spectrum within this energy range. All other proton and
electron spectrums included in the visual display are not invalidated
by this limitation. Of further interest is the proton spectrum over

20 < E < 45 keV shown in Figure 3 which is the low-energy 'tail' of
energetic proton (E > 100 keV) spectra in the outer radiation zone

[Davis, 1965].
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Availability of 'Motion Picture’

The cinematographic display has been reproduced on 16 mm film

suitable for use with ordinary movie projectors. At a projection rate

of 24 frames (sec)_l the duration of the visual display is ~ 12.5

minutes. Several copies of this film have been acquired and are avail-

able for short-term loan upon written request to this laboratory.
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of the contractor, subcontractor, grantee, Department of De-
fense activity or other organization (corporate author) issuing
the report.

2a. REPORT SECUNITY CLASSIFICATION: Enter the over-
all security classification of the report. Indicate whether
‘‘Restricted Data’’ is included. Marking is to be in accord-
ance with appropriate security regulations.

2b. GROUP: Automatic downgrading is specified in DoD Di-
rective 5200.10 and Armed Forces Industrial Manual, Enter
the group number. Also, when applicable, show that optional
markings have been used for Group 3 and Group 4 ‘as author-
ized.

3. REPORT TITLE: Enter the complete report title in all
capital letters. Titles in all cases should be unclassified.
If 2 mcaningful title cannot be sclected without classifica-
tion, show litle classification in all capitals in parenthesis
immediately following the title.

4. DESCRIPTIVE NOTES: If appropriate, enter the type of
report, e.g., interim, progress, summary, annual, or final,
Give the inclusive dates when a specific reporting period is
covered.

5. AUTHOR(S): Enter the name(s) of author(s) as shown on
or in the report. Enter last name, first name, middle initial.
If wmilitary, show rank and branch of service. The name of
the principal anthor is an absolute minimum requirement.

6. REPORT DATZ: Enter thc date of the report as day,
month, year; or month, year. If more than one date appecars
on the report, use date of publication.

7a. TOTAL NUMBER OF PAGES: The total page count
should follow normal pagination procedures, i.e,, enter the
number of pages containing information,

7b. NUMGSER OIF REFERENCLES: Enter the total number of
references cited in the report.

8a. CONTRACT OR GRANT NUMBER: If appropriate, enter
the applicable number of the contract or grant under which
the report was written

8h, 8, & €d. PROJECT NUMBER: Enter the appropriate
military department identification, such as project number,
subproject number, system numbers, task number, etc.

9a. ORIGINATOR'S REPORT NUMBER(S): Enter the offi-
cial report number by which the documeni will be identified
and controlled by the originating activity. This number must
be unique to this report.

95, OTHER REDPORT NUMBIER(S): If the report has been
assigned any other repert numbers (either by the originator
or by the sponsor), also enter this number(s).

10, AVAILAUILITY/LIMITATION NOTICES: Enter any lim-
itations on further dissemination of the report, other than those
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imposed by security classification, using standard statements
such as:

(1) "Distribution of this document is
unlimited."

(2) *“‘Foreign announcement and dissemination of this
report by DDC is not authorized.”

(3) *‘U. S. Government agencies may obtain copies of
this report directly from DDC, Other qualified DDC
users shall request through
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(4) “‘U. S, military agencies may obtain copies of this
report directly from DDC. Other qualified users
shall request through
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(5) *““All distribution of this report is controlled. Qual-

ified DDC users _shall request through
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If the report has been furnished to the Office of Technical
Services, Department of Commerce, for sale to the public, indi-
cate this fact and enter the price, if known.

11, SUPPLEMENTARY NOTES: Use for additional explana-
tory notes.

12, SPONSORING MILITARY ACTIVITY: Enter the name of
the departmental project office or laboratory sponsoring (pay-
ing for) the research and development. Include address.

13. ABSTRACT: Enter an abstract giving a brief and factual
summary of the document indicative of the report, even though

it may also appear clsewhere in the body of the technical re-
port. If additional space is required, a continuation sheet shall’
be attached.

It is highly desirable that the abstract of classified reports
be unclassified. Each paragraph of the abstract shall end with
an indication of the military security classification of the in-
formation in the paragraph, represented as (TS), (S), (C), or (U).

There is no limitation on the length of the abstract.
ever, the suggested length is from 150 to 225 words.
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14. KEY WORDS: Key words are technically meaningful terms
or short phrases that characterize a report and may be used as
index entries for cataloging the report. Key words must be
selected so that no sccurity classification is required. Identi-
fiers, such as equipment model designation, trade name, military
project code name, geographic location, may be used as key
words but will be folleved by an indication of technical con-
text. The assignment of links, rales, and weights is optional.
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